Objective. To evaluate clustering patterns of prevalent infection with multiple human papillomavirus (HPV) types in 3677 men from the HPV in Men (HIM) study.
Human papillomavirus (HPV) is a necessary cause for cervical cancer [1] and is the most common sexually transmitted infection [2, 3] . In men, HPV infection contributes to the burden of such diseases as genital warts and several cancers, including cancer of the anus and of the penis [2] . Although multiple HPV types are often found in the external genitalia of men [4] [5] [6] , to our knowledge, no information is available on whether certain combinations of HPV types might be found together in a coinfection more or less often than what would be expected by sexual transmission and common risk factors. This issue is particularly relevant to inform the monitoring of benefits of vaccination of women or men on the incidence of HPV infection in men. The removal of certain HPV types through vaccination could, in theory, indirectly increase or decrease the prevalence of other untargeted types.
Previous studies have attempted to assess clustering patterns of multiple HPV types in women [7] [8] [9] [10] [11] [12] [13] [14] [15] . Clustering of HPV types has been assessed using statistical methods based on mixed models or similar approaches [7, [14] [15] [16] [17] [18] . These methods allow the investigator to control for the apparent positive association between all HPV types induced by common acquisition modalities. Overall, studies in women suggested that HPV coinfections in the cervix occur at random. In the present analysis, we investigated the patterns of HPV coinfections among men from the HPV in Men (HIM) study, a population-based cohort study of the natural history of anogenital HPV infection.
MATERIALS AND METHODS

Study Population and Specimen Collection
Men (mean age, 32.3 years [range, 18-70 years]) were recruited in Brazil, Mexico, and the United States during the period 2005 through 2009, as described elsewhere [19] [20] [21] . Different prewetted Dacron applicators were used to sample 3 sites of the external genitalia, the glans penis/coronal sulcus, the shaft, and the scrotum [19] . Among uncircumcised men, the foreskin was sampled at the time of collection of the glans penis/coronal sulcus sample. Prior to DNA extraction, the 3 genital samples were combined to produce 1 DNA extract per participant at each clinic visit.
HPV DNA Detection Techniques
HPV testing of the combined DNA extract was conducted using an L1 gene consensus polymerase chain reaction (PCR) that amplifies a broad spectrum of HPV genotypes [22] . DNA extraction was performed using the QIAamp DNA Mini Kit (Qiagen) according to the manufacturer's instructions. HPV genotyping was conducted by using the Linear Array methodology of Roche to detect the following 38 HPV types: 6 [23] .
The Roche Linear Array test can only indirectly measure HPV52 by using a mixed probe [24] . HPV33, 35, and 58 are the types that, together with HPV52, are capable of cross-reacting with the mixed probe. Positivity for HPV52 was defined as positivity of the mixed probe when HPV33, 35, or 58 were not detected by their specific probes. If the mixed probe had positive results in a sample that was also positive for 33, 35, or 58, positivity for HPV52 could not be determined. To overcome this problem and to consider the widest possible range of prospects for HPV52 positivity, we envisaged 2 scenarios. In scenario A, all samples positive for the mixed probe and for either HPV33, 35, or 58 were considered HPV52 positive; in scenario B, all samples positive for the mixed probe and for either HPV33, 35, or 58 were considered HPV52 negative.
Statistical Analyses
The present analysis was restricted to HPV infections that were positive by means of genotyping by Linear Array only and with a prevalence in the whole population of at least 1%. Samples that were HPV positive by means of consensus PCR but negative by means of Linear Array genotyping (n 5 569) were considered HPV negative. Similarly, participants infected only with HPV types with a prevalence ,1.0% (ie, HPV26, 33, 44, 64, 67, 69, 82, or IS39) were also considered HPV negative (n 5 104). Overall, the analysis of clustering HPV infections was restricted to the following 30 HPV types: 6, 11, 16, 18, A logistic regression model was fitted with type-specific HPV positivity as an outcome, controlling for age, study area, lifetime number of sexual partners, and specific HPV type prevalence, as previously described [7] . Participant-level random effects were included, which represent the effect of unobserved risk factors (sexual habits of the men and of their partners, the ability to clear HPV infection, and so forth). A Bayesian approach with Markov Chain Monte Carlo (MCMC) simulation was used. Estimates are reported as posterior means and 95% credible intervals (CIs), based on 10 000 MCMC iterations following a burn-in period of 1000 iterations. Discrepancies between the data and the model were assessed by means of posterior predictive 2-sided P values and measured by observed-toexpected (O/E) ratios for the different combinations of HPV types [25] . To minimize errors due to multiple comparisons and for consistency with previous analyses on women [7] , the threshold for significance of P values to test type-type associations was set to .01.
RESULTS
Only results from the baseline visit were considered in the present report. Of 4075 men recruited into the HIM study, 3899 had b-globin-positive genital specimens to include in this analysis. Overall positivity for any of the 30 HPV types considered was 51.3%, and HPV prevalence was 43.5% in the United States, 49.5% in Mexico, and 59.7% in Brazil. Figure 1 shows type-specific HPV prevalence. The most prevalent HPV types were HPV62 (8.2%, n 5 318), HPV84 (7.9%, n 5 309), HPV16 (7.5%, n 5 294), CP6108 (7.0%, n 5 274), and HPV51 (6.3%, n 5 247). HPV52 prevalence ranged from 4.0% (n 5 154) in scenario B to 6.0% (n 5 235) in scenario A. Type-specific prevalences were comparable to those from a previous report in the same study populations [19] . HPV type distribution was similar in men from Brazil, Mexico, and the United States, with the possible exception of a lower prevalence of HPV16 in Mexico (5.3%) than elsewhere (9.2% in Brazil and 8.0% in the United States). Table 1 displays the observed and expected numbers of men with single and multiple HPV infections (1 type, 2 types, and $ 3 types), when HPV52 was considered positive every time the mixed probe had a positive result (scenario A). The analysis on clustering patterns of HPV infections was restricted to 3677 men for whom the information on lifetime number of sexual partners was available. The O/E ratio for infections with $ 3 types was 1.54 (95% CI, 1.44-1.65) when the model was adjusted only for age and study area, 1.39 (95% CI, 1.30-1.48) when the model was further adjusted for lifetime number of sexual partners, and 1.09 (95% CI, 1.04-1.14) after the inclusion of participant-random effects. Although the discrepancy between observed and expected counts was substantially reduced by the introduction of participant-random effects, there was still a small excess of infections with $ 3 types. The results of Table 1 are substantially similar when HPV52 was considered positive only if the mixed probe was positive and none of HPV33, 35, or 58 was detected by their specific probe (scenario B, data not shown). 
DISCUSSION
This analysis of HPV coinfections in men extends previous observations in women and provides a broader picture on the Abbreviation: CI, credible interval. a Samples positive for the mixed probe and for either HPV33, 35, or 58 are considered HPV52 positive.
b Controlling for age and study area.
c As b plus lifetime number of female sexual partners.
d As c plus individual random effects.
clustering patterns of HPV infections. Similarly to the findings in women, our results suggest that, despite a general tendency of all HPV types to cluster together because of the shared routes of transmission and common risk factors, HPV coinfections occur at random. It has been previously shown, however, that the presence of certain HPV types in multiple infections could be considerably overestimated as a result of an artifact of the HPV genotyping method [7] . In this study, the apparent clustering of HPV52 with HPV35 or 58 is a direct consequence of the extreme assumptions used to define HPV52 positivity in multiple infections with the other types included in the mixed probe. The opposite direction of the associations in the 2 scenarios reflects the fact that, necessarily, scenario A leads to an overestimate and scenario B to an underestimate of HPV52 positivity in multiple infections with HPV35 or 58.
The PCR assay included in our study cannot provide a precise estimate of HPV52 prevalence but only a range of possible estimates. This range was not negligible, varying from 4.0% to 6.0% on the overall study population. Some authors have attempted to overcome the impossibility of directly measuring HPV52 when using Linear Array by using a separate PCR primer specific for this type [24] . It is, however, not clear how other studies on men or women that used Linear Array have dealt with this issue.
In the present study, participant-level random effects were used to account for sources of correlation between all HPV types due to unobservable risk factors shared by all HPV infections. Participant-level random effects do not distinguish between unobserved risk factors due to sexual behavior or partner's behavior and other individual risk factors, such as immunological susceptibility. This statistical approach has been previously used in studies of women to diminish the spurious excess of multiple types that derives from the common modes of infection acquisition (Table 1) . Although a small excess of HPV infections with 3 or more types was observed even after adjustment for age, study area, lifetime number of sexual partners, and inclusion of participant-random effects, no evidence of a significant departure of the observed from the expected counts was found for the majority of 2-type combinations. The significant positive and negative clusters involving HPV52 were due to the different ways of defining HPV52 positivity in this study, envisaging the most extreme possible values for HPV52 positivity in multiple infections. The contrast between these associations and the weak or null associations for all other HPV pairs provides reassurance on the appropriateness of the statistical approach used. Overall, these results provide additional evidence for the lack of biological interaction between type-type combinations of HPV types. A limitation of this study is that the findings were based on combined samples from different penile sites and that, therefore, the behavior of HPV types in each of those anatomical sites could not be evaluated.
In summary, the elucidation of whether HPV positivity for certain HPV types is not measured precisely and whether preferential combinations of HPV types exist has relevant implications for evaluations of HPV vaccines and for studies that require a precise measurement of HPV, including clinical studies of HPV persistence. In conclusion, our findings showed that, despite obvious anatomical differences, HPV coinfections do seem to occur at random in the male external genitalia as in the female cervix [7, [15] [16] [17] .
Notes
